People come to scientific research through a variety of paths. You have written [1] about how your own decision to develop as a researcher occurred when you were a resident in equine reproduction at the New Bolton Center of the University of Pennsylvania. How important has your background as a veterinarian been in shaping the kind of scientific researcher you are today?
Being a veterinarian has had an immense influence on my focus as a scientist. My interest is in reproductive physiology as it can apply to equine reproduction-both toward understanding what is happening during normal and abnormal fertilization and embryonic life, and toward developing techniques to provide tools for veterinarians working in equine reproduction. This has kept my research largely at a translational level-for example, ICSI applied as a clinical tool for mares that cannot conceive, or embryo biopsy as mechanism to limit production of foals with genetic disease. I interact every day with veterinarians practicing in the field or studying reproduction at the animal level, and this continually raises questions to solve that will have real impact on clinical equine reproduction.
Like many reproductive biologists, your research has centered largely on one animal model-in your case, the horse. The decision to work in that species was a challenging one because limitations in funding and animals often make it difficult to succeed with the horse as a model. How has the decision to work with the horse shaped your career in terms of opportunities and limitations? How should a young person interested in equine science position themselves so he or she can be successful?
As you say, many aspects of horse work present challenges-but these same aspects can also provide opportunities. There are definite obstacles to work in the horse-large, expensive animals; expensive board; lack of slaughterhouse material; lack of an extensive established body of work; lack of an interested large funding source; even lack of effective antibodies! However, because of this, horse researchers tend to be a small group of dedicated horse enthusiastswhich adds greatly to the fun. Because relatively little has been published on reproductive physiology in the horse, this leaves the door wide open to find out important, new and exciting things, rather than just to tweak previous knowledge a bit. And, for young scientists, the literature in the horse is actually graspable! And you know the people who wrote the papers! Limitations. . . It would really help to have validated antibodies. Actually, my biggest limitation-one that might be common in equine scientists-is that I came to this research as a horse person, who wanted to be a veterinarian, who then specialized in clinical reproduction, who then got interested in research. My research training has been essentially me trying to figure out how to do something; every new technique is another challenge.
Funding is a problem but not unsurmountable-if you have questions and have any access to animals or tissue, you can answer them at the level available, even if it is only with a microscope. To obtain more funding, you will have to be a problem solver-consider funding as another problem to address, using means such as small grants, donation programs, research agreements, breed-club funding, short courses, and even corporate funding under the right conditions. This might be difficult, but then so is, for other scientists, applying for an NIH grant with an 8% chance of getting it! This outlook on being successful is of course focused on "success" as finding out the answers to scientific questions that other people also think are interesting, i.e., publishing meaningful research findings. I have been fortunate to have Department Chairs who believe that this is the goal of a scientist. A person starting in the field might want to sound out the administration's goals before taking a position. If the Department's goal for faculty is getting federal grant money, a young person working in the horse may have an extremely difficult time succeeding.
For the young person contemplating a career as an equine scientist, is passion for horses sufficient inspiration to be a successful scientist? What else is needed?
No, a passion for horses is not enough. To be a successful equine scientist, you also have to have a passion for Finding Out: having questions pop into your head about everything you read and everything you observe, and then figuring out which one you might have the wherewithal to answer, and being determined to find a way to do it! This is one of the reasons that horse research moves relatively slowly-it depends upon the rare but glorious intersection of horse enthusiast and focused scientist. In my experience, in many young horse people with whom I interact-from undergraduate students to veterinarians-a desire to "do research" is there, but the questions, and the passion to answer them, are not. Because of the obstacles that horse research poses, I think you really need to want to Find Out to succeed in this area.
For many years, assisted reproduction of animals meant artificial insemination and then, beginning in the 1970s, embryo transfer. Now, however, the pace of discovery is quickening. We have not only in vitro fertilization and somatic cell nuclear transfer (cloning) but there are new developments in stem cell biology and gene editing that could transform human control of animal reproduction and genetics. I know it is hard to predict the future but what will be practical in the field of assisted animal reproduction in 10 years?
I think with the advent of CRISPR systems, gene editing will become a practical field tool. Again, this is translational-we have interest already from horse breeders in the possibility of eliminating a diseaseassociated allele in horses with otherwise top-quality genetics-either by genetic editing of a cell line from a successful animal, then cloning, or by genetic editing in early embryos sired by that animal (which, with the establishment of ICSI as a clinical tool is horses, is eminently doable). The fuzzier thing is whether horse breeders will want to try genetic editing to "improve" their horses-faster, bulkier, bettergaited-rather than to just correct a mutated allele. As a horse person myself, this seems somehow unethical; it seems that we should do this by selecting the best horses and breeding the right mare to the right stallion, instead. However, as I was reminded when speaking about cloning to a group of breeders, the goal of some breeders is the prize money, rather than the challenge of selecting the right sire and dam to get that perfect foal! You are most well-known for your work on somatic cell nuclear transfer (Figure 1) . Working in this field places you at the center of a public debate regarding the ethics of modern biology, namely to define the bounds of biotechnology. Society is struggling with understanding when biological creation is sacrosanct and when can it be manipulated and changed to serve the purposes of humankind. How has working in the field of assisted reproduction and somatic cell nuclear cloning affected your own views of this important debate?
It has been fascinating being in this field for the last 20 years and seeing public perception evolve. Cloning was first seen as a huge ethical issue-interestingly, this was apparently only a problem if it was a clone of an animal that was already on the ground (e.g., Dolly)-and not if it was an animal that hadn't been born yet (embryonic cloning, which was being done for a decade before Dolly with essentially no public response). When I first started working in cloning, horse breeders would say "I'm just against cloning, it's unnatural." Now, they may still be against cloning but it is because of its effect on the fairness of equine competitions, or on inheritance of mitochondrial DNA! My own views, at least as I perceive them, have not changed much over this time. I consider that embryo transfer and ICSI are extensions of managed breeding and artificial insemination: ways to obtain offspring from a desired sire and dam. I feel that cloning is similar to taking a seed from a plant in one field and planting that seed in another field; again, as we have been doing for thousands of years with livestock, selecting the genetics you want to promote. However, I am nervous about gene editing and its possible repercussions. I find that I was deeply influenced by a few experiences-living in New Zealand for 2 years as a teenager, and learning from my terrifying but obviously (in retrospect) effective biology teacher, Miss Grantham, that the entire ecosystem of New Zealand had been altered, more than once, by animals introduced intentionally or unintentionally by visitors to the islands. By learning about the unsuccessful attempt to eliminate rabbits in Australia (introduced for hunting and devastating to the natural ecology) by giving them myxomatosis-almost all died, but the resistant survivors repopulated-and by the movie "Jurassic Park" (chaos theory-anything that can happen will happen)! So, I worry about altering DNA sequences-even correction of a mutated gene has the possibility of off-target effects, and introducing foreign DNA sequences seems to me to have potential effects that are just not possible to predict, especially as we learn that different epigenetic regulation of the same gene can lead to astoundingly different phenotypes. I am also uncomfortable with the thought of application of many ART procedures to the human. We as a society have rejected the breeding of humans for specific genetic traits; just because we do something in livestock doesn't mean that it is appropriate to apply it to humans. However, for people working in human ART, the unthinkable soon becomes the commonplace, the manipulations are done in the laboratory, and with embryos-which as I noted before don't seem to raise the same concerns with society that "born" individuals do. As I attend meetings on human ART over the years, I see the ethical line here constantly moving, and this is concerning to me.
